Background Hip fractures in the elderly are associated with high 1-year mortality rates, but whether patients with other lower extremity fractures are exposed to a similar mortality risk is not clear. Questions/purposes We evaluated the mortality of elderly patients after distal femur fractures; determined predictors for mortality; analyzed the effect of surgical delay; and compared survivorship of elderly patients with distal femur fractures with subjects in a matched hip fracture group. Patients and Methods We included 92 consecutive patients older than 60 years with low-energy supracondylar femur fractures treated between 1999 and 2009. Patient, fracture, and treatment characteristics were extracted from operative records, charts, and radiographs. Data regarding mortality were obtained from the Social Security Death Index.
Introduction
Fractures of the distal femur occur most frequently either as high-energy injuries in young men or low-energy fractures in elderly women [33] . In elderly patients, distal femur fractures are the second most frequent fragility fractures of the femur following those of the hip [1, 35, 36] , and these patients are at elevated risk for complications, given the high prevalence of medical comorbidities [8, 12, 36] .
Numerous studies regarding treatment of distal femur fractures focus on orthopaedic outcomes, such as nonunion, malunion, and infection [6, 23, 27-29, 31, 40, 44, 48] . Despite affecting a high-risk population, data regarding postoperative mortality are limited. Of the few studies analyzing mortality, one randomized controlled trial reported a 30-day mortality rate of 10%, whereas a prospective case series reported 6-month and 1-year mortality rates of 17% and 30%, respectively [9, 18] . These outcomes have been compared with historical mortality rates published for fractures of the hip, but a direct comparison has not been performed.
Mortality after fractures of the hip has been studied extensively. Patients sustaining a hip fracture have a higher mortality rate than uninjured age-and gender-matched patients [2, 3, 5, 7, 13, 14, 45] . Given the similarity in age and gender distribution of patients with low-energy distal and proximal femur fractures and based on the limited published data, we hypothesized patients with distal femur fractures would have a mortality rate similar to that of patients with fractures of the hip.
Our specific aims were to assess a cohort of elderly patients with distal femur fractures treated during a 10-year period to (1) calculate overall, 30-day, 6-month, and 1-year mortality rates in elderly patients with distal femur fractures; (2) determine the existence of variables that influence survivorship; (3) evaluate the importance of surgical delay on mortality; and (4) compare the mortality of patients with distal femur fractures with that of a matched cohort of patients with hip fractures.
Patients and Methods
After protocol approval by the institutional review board, patients who had undergone lateral locked plating of a supracondylar femur fracture were identified from our institutional orthopaedic trauma database for the period from November 1999 to September 2009. Inclusion criteria were age of 60 years or older and mechanism of injury attributable to a fall from a standing height (low-energy injury). Patients with pathologic fractures (other than osteoporosis) were excluded. Operative records and charts were reviewed for patient characteristics (age, gender, smoking status, body mass index [BMI]) and fracture characteristics (laterality and soft tissue injury according to Gustilo et al. [25, 26] ). Radiographs of the femur and knee were reviewed for fracture classification (AO/OTA [32] ) and to establish the presence of a TKA. Time between admission and surgery was recorded. The Charlson Comorbidity Index (CCI) [11] and age-adjusted CCI [10] at the time of injury were calculated based on comorbidities obtained from patient clinical records and from administrative ICD-9 (International Classification of Diseases, Ninth Revision) codes as described by Deyo et al. [17] . The CCI and age-adjusted CCI have been validated as tools to predict 1-year mortality rates in longitudinal clinical studies. The CCI is calculated by adding the coefficients assigned to comorbidities present at enrollment. One point each is assigned to myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer disease, mild liver disease, and diabetes. Two points are assigned to hemiplegia, moderate to severe renal disease, diabetes with organ damage, any tumor (within 5 years of enrollment), lymphoma, and leukemia. Three points are assigned to moderate to severe liver disease and 6 points to AIDS and metastatic solid tumor [11] . By adding age as an additional variable to predict mortality, the developers of the original CCI developed an age-adjusted CCI. It includes the same point system as the original CCI and adds 1 point for each decade after the age of 50 years, up to 6 points for patients 100 years or older [10] .
Death and date of death were extracted for each patient from the Social Security Administration Death Master File (Social Security Death Index [SSDI]), a database available publicly through the www.rootsweb.ancestry.com Web site [43] . A combination of Social Security number, first name, middle initial, last name, and date of birth was used to maximize data accuracy [15, 20] .
A total of 92 consecutive patients with distal femur fractures with an average age of 77.9 years (range, 60-100 years) were included. Seventy-two (78%) patients were women, and the minimum followup was 12 days (average, 2.8 years; range, 12 days-9.8 years). The average CCI was 1.8 (range, 0-9). The majority of fractures were closed (n = 87; 95%) and extraarticular (n = 70; 76%). More than half the fractures (n = 48; 52%) occurred around an existing TKA ( Table 1 ).
Overall mortality rates and 30-day, 6-month, and 1-year mortality rates were calculated for patients who had completed followup to that time. Cox regression was used to define the effect of the following variables on survivorship: age, gender, smoking status, CCI, age-adjusted CCI, BMI, classification of Gustilo et al., OTA classification, presence of TKA, and time from admission to surgery. Additionally, variables of the CCI were analyzed as an independent regression block. Survival rates for variables with significant hazard ratios (HRs) were plotted using Kaplan-Meier analysis.
The effect of surgical delay on mortality was assessed by comparing rates in patients who underwent surgery during the first 48 hours after admission, during 48 to 96 hours after admission, or 4 days after admission. Mortality rates were compared at 30 days, 6 months, and 1 year.
After assessing for predictors of survivorship, mortality of patients with distal femur fractures was compared with that of a 1:1 matched control group of patients with hip fractures (femoral neck or intertrochanteric fracture) that was extracted from our institutional database. As patients with periprosthetic distal femur fractures were identified as having a higher mortality risk, only patients with nonperiprosthetic fractures (n = 44) were selected for comparison with patients with hip fractures. A priori it was defined that control subjects had to be of the same gender, within 5 years of age, within 2 years of operation date, and have a CCI within 2 points of the patients with nonperiprosthetic distal femur fractures. The matched hip fracture control group was similar in terms of age, minimum followup, and CCI. Twenty-five (57%) fractures were extracapsular and all were closed. Hip fractures most frequently had been fixed using an intramedullary nail (n = 21; 48%). No differences were found between the two groups regarding demographic or personal variables. Furthermore, no difference was found in delay from admission to primary surgery. After exclusion of two patients who had been treated more than 10 days after admission in each group, the average delay to surgery was 2.5 and 3.1 days for patients with hip and distal femur fractures, respectively (p = 0.13). Patients with distal femur fractures had a greater BMI than patients with hip fractures (29.6 versus 23.9 kg/m 2 ; p \ 0.01) ( Table 2) .
Proportions and means were compared between groups using either the chi square or Fisher's exact test and Student's t test, respectively. Survival was evaluated using Kaplan-Meier analysis and compared using the log-rank (Mantel-Cox) test. Statistical significance was set at p \ 0.05 and 95% confidence intervals (CIs). Statistical analysis was performed with SPSS 1 Version 16.0 for Windows 1 (SPSS Inc, Chicago, IL, USA).
Results
The overall mortality rate after distal femur fractures at a maximum followup of 9.8 years was 38%. Mortality rates at 30 days, 6 months, and 1 year after surgery were 6%, 18%, and 25%, respectively ( Table 1 ). The five patients who died during the first 30 days had an average age of 85.3 years (range, 76-94 years) and an average CCI of 4 (range, 3-8). One 86-year-old patient with a history of prostate cancer and mitral valve repair (CCI, 3) died while in the hospital owing to pneumonia, respiratory failure, and sepsis. Four patients died after having been discharged from the hospital and their causes of death could not be established from the available medical records. Analysis of the distal femur fracture group showed the presence of a TKA and higher age-adjusted CCI led to shorter survival (HR = 3.21, p = 0.005; and HR = 1.32, p = 0.004, respectively). Overall mortality was 30% for nonperiprosthetic (native) fractures and 46% for periprosthetic all other values are expressed as number of patients, with percentage in parentheses; denominator n = 91 for total, n = 43 for nonperiprosthetic, and n = 48 for periprosthetic; à denominator n = 82 for total, n = 40 for nonperiprosthetic, and n = 42 for periprosthetic; § denominator n = 76 for total, n = 35 for nonperiprosthetic, and n = 41 for periprosthetic.
fractures (p = 0.08) ( Fig. 1 ). Thirty-day, 6-month, and 1-year mortality rates were 2%, 13%, and 23% for the native fracture group and 8%, 24%, and 27% for the periprosthetic fracture group (p = 0.22, 0.15, and 0.45, respectively) ( Table 1) . Overall mortality was predicted by the age-adjusted CCI (p = 0.01). Mortality rates were 13%, 44%, and 60% for patients with an age-adjusted CCI of 2 or 3, 4 to 7, and 8 to 13, respectively (p = 0.01). Thirty-day, 6-month, and 1-year mortality rates also were predicted by age-adjusted CCI (Fig. 2) . Cox regression analysis also revealed congestive heart failure (HR = 4.52; 95% CI, 1.96-10.42; p \ 0.001), dementia (HR = 4.52; 95% CI, 1.77-11.63; p = 0.002), moderate to severe renal disease (HR = 4.67; 95% CI, 1.91-11.36; p = 0.001), and history of a malignant tumor (HR = 2.9; 95% CI, 1.17-7.19; p = 0.022) led to shorter survival times. Regression analysis did not show an effect of either age or CCI individually on survival. Furthermore gender, smoking habit, BMI, and fracture classification did not independently affect mortality.
Delay to surgery also was not identified as an independent predictor for mortality. However, according to univariate analysis, some mortality rates varied according to delay to surgery. No differences were found for 30-day mortality according to surgical delay (p [ 0.32). Sixmonth mortality was related to surgical delay when patients who had surgery within the first 48 hours and those who underwent surgery more than 4 days after admission were compared [5% versus 35% (p = 0.02)]. One-year mortality was similarly related to delay when patients who had surgery within 48 hours were compared with those who had a delay in surgery greater than 4 days [6% versus 47% (p = 0.005)]. There was no difference in mean age, age adjusted CCI, or percent of patients with periprosthetic fractures in the groups of patients with delays to surgery. Mortality rates were similar when proximal and distal femur fractures were compared. The overall mortality rate at a maximum followup of 9.8 years for patients with distal femur fractures was 30%, compared with 43% for patients with hip fractures at a maximum followup of 10.3 years (p = 0.18). The mortality rates at 30 days, 6 months, and 1 year after surgery were 2%, 13%, and 23% for patients with distal femur fractures and 0%, 14%, and 22% for patients with hip fractures (p = 0.31, 0.90, and 0.95, respectively) ( Table 2 ). Kaplan-Meier analysis showed similar overall survival plots during the three first postoperative years for distal femur and hip fractures (Fig. 3) . No difference was found according to the log-rank test (p = 0.83).
Discussion
We assessed mortality in elderly patients with distal femur fractures, determined the existence of variables that influence survivorship, evaluated the importance of surgical delay on mortality, and compared the mortality of patients with distal femur fractures with that of a matched cohort of patients with hip fractures.
Our study had several limitations. Our data for mortality were obtained using the SSDI, instead of the National Death Registry (NDR) [43] . The NDR has been considered the gold standard for data on mortality as supported by an earlier study that showed the SSDI to be accurate in 83% of cases compared with 87% to 98% for the NDR [15] . A recent study by Fillenbaum et al. [20] however showed, by combining Social Security Number with date and month of birth, a match between NDR and SSDI was obtained in 94.7% of cases. We assume, by using these data points, in addition to first and last name and middle initial for every patient included in our study, a satisfactory level of accuracy was achieved. The SSDI also has the advantage of being publicly available and free of charge. Additionally, our stringent matching protocol allowed us to have similar patient characteristics for patients with distal femur fractures and with hip fractures. As patients with hip fractures were matched to the characteristics of the consecutive nonperiprosthetic distal femur fracture cohort, it may be suggested an artificial patient composition was created that is not comparable to the average patient with a hip fracture. However, we believe it was important to reduce the number of possible confounders (age, gender, comorbidities) to be able to accurately compare the effect of fracture type on mortality. Furthermore, by identifying periprosthetic fractures as a risk factor for increased mortality using multiple regression analysis, we were able to further improve group comparability.
From a statistical perspective, our sample was underpowered to determine similarity in mortality rates among distal femur and hip fractures. According to post hoc analysis, a sample size of 92 fractures would have been required in each group to achieve a power of 80% for the comparison of mortality using the log-rank (Mantel-Cox) test [42] . Although comparing the overall distal femur group with a control group with hip fractures seemed statistically adequate, the large proportion of periprosthetic fractures in the distal femur group would have compromised clinical comparability. Results for 30-day, 6-month, and 1-year mortality were similar, however, strongly supporting the similarity in survival of these two patient populations.
Regarding the external validity of our results, we believe our patient groups are representative of the population seen in the clinical setting. All patients underwent operative treatment, as nonoperative treatment only seldom is required for the most infirm patients, which would represent clinical outliers [9, 49] . Although various treatment alternatives were performed in the hip fracture group, we included only fractures of the distal femur managed with lateral locked plating. Even though similar results have been reported for this treatment modality and retrograde nailing, locked plating is the standard treatment at our institution as it allows fixation in very distal fractures, allows use of the plate for fracture reduction, and in our experience, leads to more reliable fracture alignment [27, 31, 38, 40] .
During the first 30 days after surgery, five patients with distal femur fractures died, accounting for 14% of the 35 patients who died during the overall followup. Of these, one patient died of pneumonia, respiratory failure, and sepsis. Although the causes of death could not be determined for the remaining patients, it is likely events associated with the surgical procedure and acute physiologic stress were the most probable causes during the early postoperative phase. According to Deakin et al. [16] , bronchopneumonia is responsible for 39% of in-hospital deaths in patients with isolated limb and pelvic fractures, followed by malignancy in 11%, ischemic heart disease in 11%, and sepsis in 7%. Little is known about the causes of death at later times during the postoperative course of patients with fractures. Of the 35 patients who died during the overall followup, 29% (n = 10) died during the second to sixth months and 26% (n = 9) died during the second half of the first postoperative year. We assume causes of death most likely were related to the patients' baseline comorbidities and postoperative complications, which may be exacerbated by prolonged immobility and decreased ambulatory capacity. Roche et al. [39] reported chest infection and heart failure were the most frequent postoperative complications in elderly patients with hip fractures. Both of these conditions correlated with increased mortality at 1 year after surgery.
When adjusting for gender, age, comorbidities, and surgical delay, our results show patients with periprosthetic distal femur fractures have a shorter survival compared with those with nonperiprosthetic fractures. Extrapolating these results to those of the comparison between nonperiprosthetic distal femur fractures and hip fractures, it could be inferred periprosthetic distal femur fractures likely carry a higher mortality risk than hip fractures. Bhattacharyya et al. [4] found similar mortality rates between patients with hip fractures and those with periprosthetic fractures of the femur about THA stems. Although this in contrast to our results, of their periprosthetic fracture cohort of 106 patients, only 32 were classified as having Vancouver Type C fractures, which, in some instances, could have been distal femur fractures. Therefore it may be possible periprosthetic distal femur fractures carry a higher mortality risk than periprosthetic fractures of the femoral shaft about THA stems.
Although age and comorbidity were not identified as isolated predictors for mortality after distal femur fractures, the combination of these variables, in the form of the ageadjusted CCI, was a predictor. This finding suggests age and comorbidity by themselves do not increase the risk of mortality but rather act in combination, thereby requiring elevated age and comorbidity to act synergistically. Three distinct groups of age-adjusted CCI could be established (Fig. 2) . Clinically significant differences in mortality rates between groups could be established. We believe this is relevant when discussing the prognosis for a patient with a distal femur fracture based on the patient's age and his or her comorbidities. Of special prognostic value are patients with heart failure, dementia, advanced renal disease, and a history of a malignant tumor. Although it may be difficult to alter the natural history of dementia and malignancy, a special focus on optimizing cardiac and renal function may be required.
Our multiple regression analysis did not show time to surgery as an independent predictor for mortality. However, univariate analysis showed patients undergoing surgery more than 4 days after admission had a sevenfold greater 6-month and an almost eightfold greater 1-year mortality risk compared with those of patients undergoing surgery during the first 48 hours after admission. The mean age of the patients was similar across groups, and fractures treated more than 4 days after admission were periprosthetic in 36% of cases compared with 52% of fractures treated within 48 hours. The latter may suggest the effect of surgical delay may offset that of a lower proportion of periprosthetic fractures. However, age-adjusted CCI was 4.9 in patients undergoing surgery during the first 48 hours of admission, 5.0 in those treated 48 to 96 hours after admission, and 5.6 in those treated 4 days after admission. Although not significant, these differences may suggest the effect of delay to surgery on mortality may be related to the increase in age-adjusted CCI. With age-adjusted CCI identified as an independent risk factor for mortality, surgical delay may be regarded as a surrogate variable for patient health status, and a consequence of it, rather than as a cause for decreased survival. Surgical delay after hip fractures has been studied extensively but continues to be a source of debate. Gdalevich et al. [22] and Elliott et al. [19] found surgical delay reduced the probability of 1-year survival. However, an effect of preexisting disease severity on mortality also was found. As mentioned previously, these findings suggest delay of surgery may be a confounding factor related to the dependent (mortality) and the independent variables (comorbidity), rather than a causative factor of mortality. This idea is further supported by studies showing, after adjusting for patient age, gender, and comorbidities, surgical delay greater than 1 day does not lead to an increase of mortality [21, 24, 30, 47] . However, other studies have shown, even after adjusting for comorbidities, surgical delay greater than 48 hours led to an increase in 30-day and 1-year mortality rates [7, 34, 37, 41, 50] . Despite the conflicting evidence, we support early surgical intervention in healthy patients and those with minor physiologic abnormalities and attempt to delay surgery only in patients requiring physiologic stabilization or additional preoperative workup [46] .
As distal femur fractures have their highest incidence in elderly patients, treatment often is challenged by the presence of medical comorbidities. According to Nieves et al. [36] , 11% of women with a distal femur fracture have osteoporosis, 21% of patients have diabetes, more than 32% have cardiovascular disease, and a substantial proportion of patients takes at least one prescription drug. As a consequence, medical complications are not uncommon, and mortality rates have been reported to be similar to those of patients with hip fractures [8, 12] . Butt et al. [9] reported a 30-day mortality rate of 7% in 42 elderly patients treated for distal femur fractures (10% after operative treatment and 5% after nonoperative treatment). Dunlop and Brenkel [18] reported mortality rates of 17% at 6 months and 30% at 1 year after intramedullary nailing of 31 displaced distal femur fractures. Although they concluded their results paralleled those published in the literature for hip fractures, no study had to date directly compared the mortality rates for these two fractures. Our results showed almost identical mortality rates at 30 days, 6 months, and 1 year after surgery. The similarity in mortality rates between distal and proximal femur fractures reported in the literature and found in our study suggests metaphyseal fractures of the femur have a similar impact on patient survival. Whether this is true for other metaphyseal fractures of the lower extremity needs to be evaluated in future studies. Although fractures of the proximal and distal tibia may be regarded as posing a lower physiologic burden on the patient than fractures of the hip or distal femur, the effect of functional limitations leading to decreased ambulation may be sufficient to impact patient mortality.
An interesting finding was the presence of a greater BMI in patients with distal femur fractures. Among several factors, decreased body mass has been determined to increase the risk for hip fractures. This has in part been attributed to the fact that decreased adipose tissue surrounding the trochanteric area leads to increased energy dissipation in the soft tissues during a fall. In patients with increased adipose tissue, as our results suggest, the proximal femur therefore may be protected from injury, transposing fracture energy to the distal femur.
Fractures of the distal femur carry a mortality risk comparable to that of hip fractures. Patients with periprosthetic fractures and those with dementia, heart failure, advanced renal disease, and metastasis have shorter survival, which may be predicted with the age-adjusted CCI. Although data for surgical delay are inconclusive, results suggest a delay greater than 4 days after admission increases the risk of 6-month and 1-year mortality. A multidisciplinary approach to address patient comorbidities and allow for timely surgery therefore may be indicated in this patient population, as advocated for patients with hip fractures. Additional studies are required to evaluate whether other metaphyseal and intraarticular fractures of the lower extremity have a similar effect on mortality.
